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The processes of natural gas transportation to the consumer are accompanied by losses asso-
ciated with ensuring the quality indicators of the transported gas. One of the factors to reduce such 
losses is to improve the control of the low-temperature separation (LTS) process, which is carried out 
by throttling the flow and is used in the purification of natural gas. Finding a compromise between 
the achieved level of gas dehydration and the reduced productivity of a well or other source is an ur-
gent task when optimizing the parameters of the LTS process. The peculiarities of the control object, 
which is the LTS installation, lead to the need to implement a complex structure of the regulator, 
which could provide maximum performance for the given parameters of the output stream.
A B S T R A C T
Object of study: Automation of control of technological parameters of the process of 
low-temperature separation (LTS) of moisture from a gas stream.
Investigated problem: Improving the efficiency of the separation process when preparing 
gas for transportation through the consumption network. Development of hardware and 
software tools that provide automation of the process of regulating flow parameters under 
conditions of action of time-varying disturbances.
Main scientific results: A criterion for controlling the LTS process of a gas flow is for-
mulated. The difference in the dynamic characteristics of the processes occurring during 
the separation of moisture makes it possible to effectively use a two-circuit control system. 
The perspective of using extreme regulators (ER) of the process, which is characterized 
by time delays between the input of the object and its output, is substantiated. The use of 
ER ensures the stability of the control process under the influence of disturbances in the 
parameters of the gas flow.
In the MATLAB environment, an ER model has been developed, in which a step-type 
algorithm is used, which provides an increase in the efficiency of the LTS process in accor-
dance with the selected criterion
The area of practical use of research results: The scope of use of the research results are 
automation objects that need continuous automatic tracking of the changing settings of the 
process parameters regulators. The studies carried out make it possible to use the proposed 
regulator in various technological installations for drying gas and air (with appropriate 
identification of the parameters of the object).
Innovative technological product: Based on the formed criterion for controlling the LTS 
process, which is aimed at increasing the efficiency of the LTS process of moisture from 
a gas flow, a microprocessor-based step-type ER has been developed. Preliminary tests of 
the regulator show that it can be implemented on commercially available program logic 
controllers on the market.
Scope of application of an innovative technological product: The considered ER can be 
used to construct control systems for oil and gas transportation processes, which require 
adaptation and optimization modes to flow parameters. In this case, the need for adaptation 
is dictated by changes in flow parameters over time.
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The problems associated with the compensation of disturbances in the gas flow parameters 
are classically solved by stabilizing the output parameters of the process. However, the ideology 
of passive stabilization does not provide for the adjustment of the regulator parameters when the 
parameters of the flow entering the throttling change over time. Respectively, the settings of the 
regulator, calculated for the optimum for the average moisture content of the flow, when its tem-
perature or humidity changes, will lead to a loss of performance (efficiency) of the moisture sepa-
ration process with any reconfiguration of the regulator. Therefore, to improve the efficiency of gas 
drying processes, hardware and software should be used to correct the settings of the separation 
process regulator in real time.
The objective of this research is to assess the possibilities of adaptive regulation of the pa-
rameters of the throttling process of the experimental LTS equipment, which would improve the 
efficiency of this process. The main factor in increasing efficiency is presented as a reduction in 
the time of transient processes when regulating the parameters of the gas flow throttling process.
1. 1. Object of research
The object of research is the LTS process of moisture from a gas flow. A sufficient number 
of publications have been devoted to the development of hardware and software for regulating flow 
parameters under conditions of action of time-varying disturbances. Only a few of them investigate 
the issues of related control using adaptation methods when changing the parameters of the gas flow.
The subject of research is presented as an assessment of the possibilities of implementing a 
regulator that solves the problem of increasing the efficiency of the LTS process.
1. 2. Description of the problem
The essence of the LTS process is described using the Joule-Thomson equation:
      T2=T1−µ PD,    (1)
where Т1, T2− temperature at the inlet and outlet of the unit; PD – pressure drop across the butterfly 
valve; µ − Joule-Thomson coefficient.
The control task is to change the outlet temperature of the stream T2 so that this temperature 
is less than the dew point temperature (DPT) TR of the incoming stream. The result of separation is 
a decrease in humidity and DPT of the flow entering the consumer network. The DPT parameter 
serves as an indicator of the quality of the output stream, since the DPT indicates to what tempera-
ture the gas flow must be cooled in order to create conditions for the formation of dew.
The complexity of process control arises due to mutually contradictory requirements for the 
process: the higher the degree of product purification, the lower the productivity of the process, and 
vice versa. The dynamics of the process is determined by the rate of dew settling in the separator, 
and the settling rate has a finite value and depends on the size of the formed droplets. In this case, an 
increase in the gas flow rate contributes to the entrainment of distillate particles into the pipeline [1]. 
Therefore, in industry, the measure of the efficiency of gas dehydration is the measurement of the 
droplet entrainment of condensate. Reducing the level of droplet entrainment of water and heavy hy-
drocarbons from the gas stream makes it possible not only to meet the requirements for the transported 
stream, but also to increase the profitability of production due to additionally extracted condensate [2]. 
Despite ongoing research to assess the droplet entrainment, on the market there are no in-
struments that allow in an industrial environment to measure the efficiency of drying in a gas 
stream. Therefore, a real approach to assessing the efficiency of gas dehydration is a variant that 
allows one to indirectly evaluate the parameters of the LTS process and control them. 
The approach to optimizing the modes of gas treatment units assumes [3]: increasing the 
dry gas yield; increasing the output of stable condensate; assessment of the balanced performance 
of the installation; reduction of technological losses.
Then the efficiency of the gas drying process E can be estimated by the ratio:
     E=Q(χ1–χ2),   (2)
where χ1, χ2 – moisture content of the stream before and after drying; Q – gas consumption.
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In this case, the flow rate (gas flow rate Q) is limited by the value of Qmax, at which droplets 
of the separated moisture begin to drift into the consumers highway. The measure of the moisture 
content is the DPT of the flow at the inlet and outlet of the separator.
The use of estimate (2) makes it possible to optimize the separation mode based on mea-
surements of the gas flow rate and the difference in moisture content at the inlet and outlet of the 
installation. In this case, the difference in moisture content is characterized by the difference be-
tween the corresponding DPT.
It should be noted that the control of the LTS process does not provide for direct regulation 
of the gas flow rate Q, since the main control task is to ensure the conditions for moisture conden-
sation. The latter problem is solved by means of a differential pressure control circuit PD, at the 
butterfly valve. Accordingly, the setpoint pressure PD, which is necessary to obtain the required 
flow temperature corresponding to the DPT, will come from the external control loop. The model 
diagram of the LTS process regulator shown in Fig. 1 has two control loops.
Fig. 1. Scheme of the model of the process regulator LTS
The need to introduce a second circuit is associated with the difference in the dynamics of 
the processes occurring in the separation unit. The first of them is the regulation of the gas flow 
pressure; the second is a change in the temperature of the flow due to its adiabatic expansion; the 
third is the condensation of moisture contained in the controlled flow.
Analysis of the LTS process as a control object [4] shows its following features: 
– interconnections of parameters are described by nonlinear functions;
– the object is characterized by a transport delay due to the finite time of the flow and the 
settling time of the particles in the separator;
– process input variables: temperature, pressure and humidity change over time in a random way.
Additional difficulties in managing the object arise from the difference in the time constants 
of the processes taking place: pressure balancing, temperature exchange and moisture settling. In 
this case, the perturbations of the parameters of the input flow also differ in their dynamics.
In practical applications, in most cases, the construction of a control system is carried out 
on the basis of PID controllers. However, despite the simplicity of implementation and a significant 
number of theoretically substantiated methods for their adjustment, in the presence of delays of the 
control object, PID controllers do not always provide the required quality of regulation [5].
If the quality of regulation by our object is formulated as keeping the deviations of the con-
trolled temperatures in a given range, then the implementation of the controller settings becomes 
difficult to implement. These difficulties are associated with the need to simultaneously compen-
sate for the time delays of the parameters of the moisture condensation process and the dynamics of 
the control loops. Therefore, the settings of the regulator coefficients, obtained, for example, by the 
Ziegler-Nichols method, are approximate and need constant adjustment due to the nonstationarity 
of the flow parameters. But the possibilities of adjusting the parameters are limited by the stability 
conditions of the object by regulation.
As a result of the development of programming tools and modern microprocessor technolo-
gy, it became possible to compensate for the response delay of an object on the basis of the Reisvik 
controller and the Smith predictor [6]. But their use gives positive results only if the parameters of 
the object and the model match exactly. Perturbations of the parameters of the object in time (more 
than 5 %) do not allow obtaining the given parameters of the quality of regulation. In this case, the 
regulators can become unstable. It is possible to improve these parameters by further complicating 
the hardware and software based on systems with adaptation or an optimization loop.
6
No. 2 (73), 2021ScienceRise  ISSN 2313-8416
The objective of research is presented as an assessment of the possibilities of implementing 
a regulator that is able to adapt to changes in the parameters of the gas separation process.
1. 3. Proposed way to solve the problem
The control task is formulated as finding such control actions that provide an increase in the 
system efficiency in the presence of external disturbances. Extreme controllers, which, in terms of 
implementation complexity, occupy an intermediate position between systems with adaptation and 
PID controllers, are also used to control objects with delay [7, 8].
It should be noted that in the process of constructing an extremal controller, it is also necessary 
to solve problems associated with the difference in the dynamics of the reaction of the control object 
and the dynamics of the acting disturbances of the parameters. It is justified to state that perturbations 
in the gas flow temperature are characterized by slower changes than changes in the flow pressure. 
The experimental unit, which studies the regulator of the moisture separation process [9], makes it 
possible to evaluate the relationship between the dynamic characteristics of the separation process. 
The obtained estimates give grounds to form extreme control actions without calculating the response 
of the object model in each cycle, thereby increasing the speed of the process controller.
The aim of this research is to study the possibility of using an extreme regulator of the LTS 
process to increase the efficiency of this process.
The presence of disturbances in the parameters of the flow entering the separation imposes 
restrictions on the ranges of applicability of the controller settings obtained for specific operating 
points of the nonlinear plant. This circumstance leads to the need to assess the influence of errors 
associated with assumptions about the degree of influence of the method for describing the nonlin-
earity of an element on the result of calculating the process mode. 
The study of options for the implementation of the LTS process control system involves the 
assessment of costs for the implementation of the developed software, first on an experimental 
plant, and in the future on industrial equipment.
2. Materials and methods
2. 1. The structure of the separation process control system
In accordance with the scheme for modeling the control of the LTS process (Fig. 1), the 
structure of the regulator is formed by two control loops (RegP and RegT). The first circuit shown 
in Fig. 2, ensures the maintenance of the differential pressure required to ensure the condensation 
mode (set DPT). 
Fig. 2. Scheme of the control loop RegP
The second loop RegT, which is slower, is designed to correct the separation mode at the 
UPR input when the parameters of the inlet gas flow change. These two circuits control the position 
of the valve, which is driven by an Actuator at a constant travel speed.
In addition to the actuator, which in the simulation is represented by an integrator with a 
transfer coefficient KI, the dynamics of the object is affected by the process of moisture deposi-
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tion in the separator. This process, when strictly examined, appears to be an aperiodic link with 
a delay. In our case, when a model of an experimental separation plant is considered, the dynam-
ics of the process can be approximated by an aperiodic link with an equivalent time constant. 
The expediency of such an approximation is dictated by the desire to ensure the stability of the 
numerical simulation process. The reason for this step is the ratio of the response time and delay 
time constants. 
As a result of the object linearization procedures carried out using the Matlab application 
“Linear Analysis Points” for each operating point, linearization, the transfer function of the closed-
loop differential pressure control is obtained PD third order:











s a s a s a
   (3),
where i – set point number; ai, bi – polynomial coefficients.
This set of linearized transfer functions corresponds to a family of PID controllers, which 
are also tuned using the Matlab application “SISO Design Tool”.
Due to the nonlinear nature of the object under consideration and significant phase shifts 
in the second, external loop, it was not possible to implement stable control based on the PID con-
troller. An acceptable version of the external loop regulator turned out to be an extreme regulator 
(ER), which corrects the preset value of the pressure drop as a result of evaluating the gas flow 
rate Q. This choice of the optimization criterion is explained by the fact that the process efficiency 
is the measure of the process efficiency. Accordingly, if the inner loop provides the condition for 
moisture condensation (lowering the flow temperature to the DPT), then the task of the outer loop 
is to ensure the maximum possible gas flow rate, but not higher than Qmax, at which moisture is 
carried away from the separator.
In this variant of the control system structure, the ER loop is connected in parallel with the 
differential pressure regulator, which allows the valve position to be corrected when the parameters 
of the flow entering the separation are changed (Fig. 3).
The role of the disturbance simulator is played by the VarT1 generator, with the help of 
which disturbances of different frequencies and amplitudes are specified. The OBJect model sub-
system includes the model blocks shown in Fig. 2 – Actuator gate valve “Actuator” and moisture 
settling unit “Separator”.
Fig. 3. Schematic of the model with an extreme regulator (EXTReg)
2 .2. Algorithm of the extreme regulator
The implementation of the ER provides for the choice of an algorithm for its functioning, 
while the need to develop an original algorithm arises only in the presence of the specifics of the 
functioning of the object [10]. To develop an ER control algorithm, let’s concretize the functions 
that are produced by the regulator: 
– finding the extreme value of the flow rate in the control process;
– limitation of gas flow rate;
– reducing the time of the transient process when regulating.
The construction of the ER algorithm depends on the principle in accordance with which the 
direction of movement to the extremum of the selected criterion is determined.
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The following principles are widely used (depending on the requirements for cost and reliability):
– extremum memory regulators;
– step-type regulators, working out signs of adjustable value increments;
– derivative sign-responsive regulators.
Other well-known regulators, for example, of a mixed type, have a more complex structure 
and have not been considered at this stage.
The simplest to implement are controllers that respond to the sign of the derivative of the 
output signal to the input signal. In our object, which has large time delays, this operation loses its 
meaning due to the asynchronous measurement of the mentioned signals. The absence in such a regu-
lator of an element that fixes the previous value of the criterion leads to inadequate regulation results. 
Extremum memory controllers developed using MATLAB tools are widely used in various 
industries [11]. A characteristic feature of such regulators is that, thanks to the use of a signal relay, 
the ER fixes the reached extremum in a memory device. In the event of a decrease in the signal, the 
control action is not generated.
Step-type ERs have a greater degree of protection against perturbations. In such a regulator, 
at time intervals ∆t, the controlled signal is measured. As a result of comparison of the controlled 
value, after each cycle ∆t, a control action Un+1 is generated, aimed at reaching an extremum. The 
algorithm for the formation of the control action is determined by the following relation:
     Un+1=Un*Gn+1    (4)
where Gn+1=sign(ΔQ)signGn – switching function; n – time sampling step number; ∆Q – increment 
of the input value at the n-th step.
A schematic diagram of a step-type ER model, built according to algorithm (4), is shown 
in Fig. 4. Sampling of the signal in time is carried out by the Zero Order Hold element, memoriza-
tion – using the delay element. As a result of comparison of the previous and current values of the 
controlled signal, a switching function is formed, which is fed to the ER output. 
Fig. 4. Diagram of the extreme stepping type regulator
3. Regulator operation simulation results 
To assess the functioning of the developed step-type ER, let’s compare the oscillograms of the 
output signals obtained in the model circuit shown in Fig. 3. The simulation results are shown in Fig. 5.
Fig. 5. Oscillograms of an object with off (1) and on (2) ER
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As can be seen from the oscillograms, the presence of an extreme regulator provides a 
decrease in the effect of disturbances in the NTS model, in which a gate valve drive of constant 
movement speed is used.
As a result of the action of the ER, there is also a stabilization of the pressure drop, which 
provides the required moisture condensation temperature. Minimization of dips in the gas flow rate 
over time under the action of disturbances, in accordance with the selected control criterion, makes 
it possible to increase the efficiency of the process.
The presence of some fluctuations in the signal trajectory when the ER is “on” indicates 
that the extremum value is in the zone and is being searched for. The level of oscillations can be 
adjusted by the ratio of the sampling time value and the delay time (storage of the previous signal 
sample), depending on the nature of fluctuations of the object parameters.
4. Discussion
The main advantage of the developed ER is the reduction of the complexity of regulation of 
the process parameters, which are typical for nonlinear objects. The use of ER made it possible to 
implement double-loop control, which is important in the context of conflicting requirements for 
the parameters of the LTS process.
The specificity of the dynamics of the moisture deposition process and the dynamics of the 
actuator during the implementation of the regulator requires accurate data on the object model and 
serious computational resources used for control. The proposed regulator is implemented in hard-
ware on commercially available programmable logic controllers.
The search for optimal control modes allows many options for solving the problem, each 
of which leads to its own structure for constructing a regulator. In this work, let’s consider simple 
versions of the ER. At the same time, the fundamental possibility of using such regulators for the 
process under study was assessed. Therefore, at this stage, the issues of drift of characteristics, 
boundaries of stability and improvement of the quality of regulation were not investigated.
As a result of the development of ER for objects of different nature [12], it is difficult to sin-
gle out the significant advantages of one or another regulator. This is due to the fact that the method 
of searching for an extremum, the accuracy of tuning procedures that are successfully applied at 
one object, for example, when controlling fuel combustion [13], is inapplicable for the process of 
electrical discharge machining. Then, in accordance with the change in the object control tasks, 
the methods of combined control are used [14]. In the case of combined control, several tasks are 
solved: increasing productivity, performance and noise immunity. Studies carried out on models 
show the effectiveness of using such regulators: improved stability – 18 %, reduced energy con-
sumption – 10 %, increased productivity – 20 %.
To evaluate the effectiveness of one or another type of regulator, separate studies are carried 
out [15], in which the conditions for conducting experiments are stipulated.
In our case, the ER design was carried out for the conditions of the operation of the exper-
imental separation plant, focusing on the installed automation tools. Therefore, the simulation of 
disturbances and the ranges of changes in the parameters of the air flow only approximately repro-
duce the conditions of a real object of separation. However, the results obtained make it possible 
to formulate requirements for the modernization of the installation to improve the developed ER, 
which is included in the control system of the LTS process.
The efficiency of extreme regulation by the parameters of the process proceeding under 
the conditions of the action of random disturbances can be improved, for example, by using criti-
cal feedback [16]. The advantage of this approach lies in the simplicity of implementation, which 
follows from the extremum search algorithm. However, the effectiveness of such an algorithm in 
practical applications has not yet been confirmed.
Therefore, a real prospect for improving the ER is the development of an ER of the com-
bined type.
5. Conclusion
Based on the formed criterion for controlling the LTS process, which provides for obtaining 
the maximum gas flow rate, in the presence of restrictions on the rate of sedimentation and mois-
ture content, an ER model has been developed, which is based on an algorithm for searching for an 
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extremum of a step type. The use of the proposed algorithm makes it possible to implement a two-
loop control system for the LTS process with its simple hardware and software implementation.
The main advantage of ER, in comparison with PID controllers, in the regulation of mois-
ture separation processes, is the ability to adapt to changing flow parameters. The solution of the 
problem of optimization of the LTS mode with the help of the ER makes it possible to increase the 
stability of the regulation process by reducing the overshoot value by 15 %. This reduces the regu-
lation time by 25 %, which also leads to an increase in the productivity of the process.
The use of an algorithm with a stepwise search for an extremum makes it possible to im-
plement a two-loop control system for the LTS process and to simplify the hardware-software 
implementation of the regulator.
The results of ER modeling show the possibilities of its improvement and the prospects of 
using it in experimental industrial applications.
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